Acute appendicitis is one of the most common causes of acute abdomen in all ages. It occurs more frequently in men than in women (male/female: 1.3/1); the mean and median ages related to this pathology are 31.3 and 22 years, respectively (1-3). Open appendectomy (OA), which was first described by McBurney (4) in 1894, is the most frequently performed emergency abdominal operation in the world. However, the use of the laparoscopic appendectomy (LA) procedure has rapidly increased since it was first described by Semm in 1984 (5). Although LA is commonly performed for acute appendicitis, it is not always the best treatment choice. Many studies comparing LA and OA with respect to treatment and follow-up have been conducted. These studies have reported less postoperative surgical-site infection, decreased need for analgesics, much greater visualization, rapid healing, shorter hospital stay times, and earlier return to normal activity (RTNA) rates associated with LA (6-10). However, because of the high costs related to endostaplers, endoclips, and knottings, LA is not the most efficient operation technique (11, 12).
and signs, such as physical examination results and laboratory and imaging findings; operation time and technique; postoperative pain scores determined by the visual analog scale (VAS); gas-stool outputs; hospital stay time; postoperative complications; and RTNA. The diagnosis of acute appendicitis was made on the basis of physical examination and laboratory and imaging findings ( Figure 1 ). The patients who were diagnosed with acute appendicitis were operated on within 12 hours. Consent forms were obtained from the patients. Approval for the study protocol was obtained from the Ethical Committee of our center.
Inclusion Criteria
Patients who were willing to provide written informed consent, were between the ages of 17 and 65 years, had an international normalizing ratio (INR) <1.5, a prothrombin time (PT) <15 seconds, partial thromboplastin (APTT) in the normal range, and platelet counts >50,000/mm 3 , and showed clinical suspicion of acute appendicitis (defense, rebound), with supporting appendicitis findings, such as those taken from imaging and laboratory results, were included in the study.
Exclusion Criteria
Patients who were not willing to provide informed consent, were younger than 16 or older than 65 years of age, and had abnormal hemodynamic parameters, perforated appendicitis, ovarian cyst rupture, tub ovarian abscess, multiple organ failure, congestive heart failure, chronic obstructive pulmonary disease, systemic connective tissue diseases, or rheumatism were excluded from the study.
Surgical Procedure
All the patients were administered first-generation cephalosporin for antibiotic prophylaxis, while some patients also received second-generation cephalosporin and metronidazole. The operation time was defined as the time of induction of anesthesia to the point of extubation. All operations were performed by two surgeons. Following the operation, an intramuscular injection of 75 mg of diclofenac sodium was administered to the patients and continued at 8 hour-intervals. Every patient began receiving liquid foods 6-8 hours after the operation.
Open Appendectomy
To access the appendix, McBurney's incision was used on all patients. The appendix was located after entering the abdominal cavity. First, the mesoappendix was divided with 3/0 silk knots, and the base of the appendix was then ligated with 2/0 silk before the appendectomy specimen was removed from the abdominal cavity ( Figure 2a ). The appendix stump was not buried in any of the patients. A drain was placed in patients with gangrenous appendicitis and to control hemostasis.
Laparoscopic Appendectomy
The North American three-port technique was used on all patients. Prior to inserting the trocar, a Foley catheter was inserted into the bladder. A 10 mm trocar was then inserted under the umbilicus using the open technique. Pneumoperitoneum was applied with carbon dioxide (CO 2 ), and intraabdominal pressure was fixed at 10-12 mmHg. Next, a 5 mm trocar was inserted into the suprapubic area before applying a 10 mm trocar to the left iliac fossa under direct vision (Figure 2b ). The possibility of hemorrhaging or organ injury occurring in connection with the trocar was controlled prior to performing the appendectomy. After the appendix became visible, it was lifted from the mesoappendix. A 10 mm bipolar vessel sealer (LigaSure; Valleylabs, Tyco, USA) was used for the mesoappendix dissection. Once the base of the appendix was revealed, it was ligated with 2/0 silk (10-12 cm) using the intracorporeal knotting technique (Figure 3) . The appendectomy specimen was then removed with a 10 mm trocar using a sterile glove endobag. In one patient who had suppurate appendicitis, the appendectomy area was washed with physiological serum (0.9% sodium chloride) and then aspirated. Irrigation was not performed for any other patients. A drain was only used in patients with gangrenous appendicitis and to control hemostasis.
Preparation of Glove Endobag and Removal of Specimen
A number 7 wrist-size sterile glove was cut to approximately 7-9 cm; then, the glove was ligated 0.5 cm from the distal with 2/0 silk. The sterile glove endobag was washed with physiological serum and inserted into the abdominal cavity using a 10 mm trocar in the left iliac fossa. The appendectomy specimen was removed with a 10 mm trocar using the glove endobag ( Figure 4) . No other endobag instruments were used on any patients in our study.
Anesthesia Protocol
Before the patients entered the operation room, they were administered 2 mg of midazolam. The patients were monitored, with control measures taken for heart rate and rhythm, noninvasive arterial blood pressure, peripheral arterial oxygen saturation (SpO 2 ), and end-tidal CO 2 (EtCO 2 ). To induce anesthesia, 2-2.5 mg/kg of propofol, 2 mg/kg of fentanyl, and 0.6 mg/kg of rocuronium were administered to the patients. After intubation, the respiratory parameters (ETCO 2 30-35 mmHg, 50% FiO 2 and air mixture, tidal volume 6-7 Ml/kg, respiratory rate 12-14/minute) were regulated before the patients were connected to the mechanical ventilator support. Anesthesia was maintained using 1%-2% sevoflurane and 0.1 mg/kg rocuronium. Heart rate and rhythm, noninvasive arterial blood pressure, SpO 2 , and EtCO 2 were evaluated at five-minute intervals during the operation. Near the end of the operation, 1 g of paracetamol was administered to the patient for 15 minutes by IV infusion for postoperative analgesia. Atropine and neostigmine were administered to all patients for decurarization before extubation.
Assessment of Pain
The patients' levels of pain were evaluated at the 6 th , 24 th , and 36 th hours using the VAS. Pain scores were numbered from 1 to 10, with 1 indicating no pain and 10 indicating the highest level of pain, requiring significant analgesic intervention.
Statistical Analysis
The data were analyzed using the Statistical Package for the Social Sciences version 20.0 for Windows (IBM Corp.; Armonk, NY, USA). The Shapiro-Wilk test was used for the number of units in cases of normal distribution of variables. When measuring the differences between the groups, the Mann-Whitney U test was used when normal distribution was absent. Because the number of units was higher than 20, standardized z values were given for the Mann-Whitney U test. Chi-square analysis was performed to measure the relationship between the nominal variables of the groups examined. To interpret the results, the p-value for the level of statistical significance was set at 0.05. In cases where p<0.05, the variables did not show normal distribution, whereas in cases where p>0.05, the variables showed normal distribution. In cases where 2×2 tables did not have a sufficient volume of expected values in the cells, Fisher's exact test was used. Pearson's chi-square test was applied with the aid of Monte Carlo simulations in the R×C tables. The significance level was set at 0.05; if p<0.05, the difference was significant, whereas if p>0.05, the difference was not significant.
RESULTS
Of a total of 84 patients, 72 were enrolled in the study; 12 patients were excluded for failing to meet the inclusion criteria. The patients were divided into the following two groups: the LA group (group 1) (n=36) and the OA group (group 2) (n=36). The mean age for the LA group was 29.2 (±10) (17-57) years, and that for the OA group was 30.1 (±11.4) (19-61) years (p=0.142). The LA group included 17 females and 19 males, while the OA group included 11 females and 25 males. The body mass indices (BMI) were 24 (±3), 4 (18.4-32.9) kg/m 2 and 24 (±3), 4 (18.2-31) kg/m 2 in group 1 and group 2, respectively (p>0.05) ( Table 1 , 2).
The total follow-up time was 15,586 days; the mean follow-up time was 216 days. In the LA and OA groups, the mean followup times were 277 and 161 days, respectively (p<0.05). LA was performed commonly in the first half of the study. In the LA group, 97.2% of the cases had loss of appetite, 88.9% had nausea, 88.9% had vomiting, 30.6% had displacement of pain, 100% had defense, and 86.1% had rebound. In the OA group, 86.1% of the cases had loss of appetite, 66.7% had nausea, 36.1% had vomiting, 33.3% had displacement of pain, 100% had defense, and 94.4% had rebound. The most common In the LA and OA groups, the mean fever temperatures were 37.5 (±0.5) °C (36.2°C-38.8°C) and 37.3°C (±0.7) (36°C-39°C), respectively. There were more cases of fever and nausea in the LA group than in the OA group; a statistically significant difference was found between the two groups in terms of nausea and fever (p=0.035 and p=0.047, respectively). The durations of primary pain were 37.9 (±28) (8-120) minutes in the LA group and 45.4 (±38) (6-168) minutes in the OA group. In the LA group, the preoperative mean white blood cell (WBC) count, neutrophil, lymphocyte, and neutrophil lymphocyte rate (NLR) and platelet distribution width (PDW) were 12300 (±4445. The mean operation time (76.7 (±17.5) minutes) of the LA group was higher than that of the OA group (60.1 (±21.8) minutes); a statistically significant difference was found between the two groups with respect to this parameter (p=0.001). A drain was used in patients with gangrenous appendicitis, suspected hemorrhaging, or pelvic fluid (6 patients (8.3%) in the LA group and 8 patients (11.1%) in the OA group. No statistically significant differences were found between the two groups in terms of the use of drains (p>0.05) ( Table 1 , 2).
The mean diameter and length of the appendectomy specimens according to the pathologic examination results were 1 (±0.4) and 5.9 (±2) cm, respectively; the diameter and length of the appendectomy specimens in the OA group were 1 (±0.4) and 5.9 (±2) cm, respectively. The diameter of the appendectomy specimens in the OA group was longer Table 2 ). In a total of five patients (three LA and two OA), the appearance of appendicitis was not found macroscopically, and we were unable to detect any pathology that could explain this clinical presentation. However, because we were unable to conduct microscopic evaluations, we still performed appendectomies on these patients. Vermicular appendix was found in four of these five patients, and our negative appendectomy rate was 8.3% (6/72) ( Table 1 ).
The mean VAS pain scores were found to be significantly lower in the LA patients; the mean 6 th , 24 th , and 36 th hour pain scores of the patients in this group were 3.6 (±1.4), 2.1 (±1.2), and 1.5 (± 0.9), respectively, while those in the OA group were 5.4 (±1.6), 3.7 (±1.5) and 2.6 (±1.2), respectively. A statistically significant difference was observed between the two groups in terms of pain scores (p=0.001) ( Table 2 ). The timing of gas and stool outputs was determined during postoperative follow-up; it was found that gas and stool output occurred earlier in the LA group, which had mean gas and stool output times of 19.6 (±8.1) hours and 41 (±14.9) hours, respectively. In the OA group, the mean gas and stool output times were 28.3 (±45.4) hours and 64.2 (±19) hours, respectively. A statistically significant difference was observed between the LA and OA groups in terms of gas and stool output times (p = 0.001) (Table 2, 3) . The hospitalization times were also significantly longer in the OA group. In the LA and OA groups, the mean hospitalization times were 3.1 (±1.3) days and 3.3 (±1.1) days, respectively. In the LA group, the mean RTNA was shorter than that in the OA group; a statistically significant difference was detected between the two groups with respect to this parameter (p=0.001) ( Table 2 ).
There were no cases of mortality in the study. Surgical-site infection was observed in a total of six patients among the two groups, occurring in five patients (13.9%) in the OA group and in one patient (1.3%) in the LA group. In these patients, wound cultures were taken, prophylactic antibiotics were started, and surgical-site care was administered until complete healing occurred. In a total of two patients (2.7%), incisional hernia was observed in the left trocar-site on the 3 rd and 5 th postoperative days. These patients were taken to the operating room, where the trocar-site incisional hernias were primer-repaired under sedoanalgesia. Trocar-site incisional hernias were found in these two patients only.
Among both groups, a major complication was observed in a total of one patient in the OA group. A partial pulmonary embolism was observed in one patient, who was admitted to the emergency room with breathlessness after the postoperative 15 th day. The 46-year-old female patient presented with weakness but did not have any comorbidities. Findings from her pathological specimen revealed gangrenous appendicitis. The patient was hospitalized at the pulmonary disease clinic, where she was started on anticoagulant and bronchodilator therapy. She was discharged uneventfully with low-molecular-weight heparin. No incidences of intraabdominal abscess, hemorrhage, or appendectomy stump leakage were found in either the LA or the OA group (Table 4) .
DISCUSSION
Acute appendicitis is the most common cause of acute abdomen, and appendectomies are the most commonly performed emergency abdominal surgery in adults (1) . The appendectomy risk for males and females during their lifetime are 12% and 23%, respectively, and approximately 7% of all people will undergo an appendectomy for acute appendicitis at some point in their lifetime (1, 2) . The annual appendectomy rate for acute appendicitis is 10/10000 (2, 3).
Open appendectomy has remained the gold standard for more than a century since McBurney's incision was described in 1894 (4). After Semm et al. (5) performed the first LA, the path for a much wider application of minimally invasive surgery was opened. LA was revealed to be an effective procedure that could be performed in a short time. Over the years, many studies have compared OA and LA (6) (7) (8) (9) (10) . In a prospective randomized study conducted by Hansen et al. (6) on the effectiveness of LA, it was found that LA resulted in less wound infection, decreased analgesic need, and earlier RTNA but had a longer operation time. In a meta-analysis conducted by Temple et al. (7), it was shown that LA had an early RTNA but had longer operation and hospital stay times. In addition, Korndorffer (8) and Reiertsen (9) reported lower misdiagnosis rates, decreased analgesic need, and less wound infection with LA. However, LA does have some drawbacks, such as in- creased rate of intraabdominal abscess and the requirement for costly instruments, such as endostaplers, endoclips, and endoloops (10) (11) (12) (13) (14) (15) . In the present study, we aimed to decrease the costs associated with LA by using intracorporeal knotting and glove-endoloop. In addition, we sought to compare LA and OA in terms of pre/intra/postoperative technique, time of return of gastrointestinal functions, and complications.
An endostapler, extracorporeal sliding knots, endoloops, endoclips, and endobags are usually used to remove the appendix during LA. These devices are costly and are not always accessible; however, the operation cannot be performed without the use of these instruments. In a prospective study on LA conducted by Hanssen (11), the appendix stump was ligated with polymeric clips (Hem-o-lok); this technique was found to be a feasible, safe, and economic alternative to ligation of the appendicular stump during LA. Beldi et al. (12) used a stapler in 60.5% of patients and an endoloop in 39.5% of patients for appendix stump ligation in their study; they reported surgicalsite infection rates of 0.7% and 1.7% in the stapler group and endoloop group, respectively. In studies conducted by Moreno (13) and by Delibegović et al. (14) , for Gea extracorporeal knotting, endoloops and Hem-o-lok plastic clips were used for the appendix stump ligation. Delibegović and Matović (14) reported that the operation time was 47.1 (±6.7) minutes in the endoloop group and 38.7 (±5.0) minutes in the non-absorbable Hem-o-lok clip group. In a study conducted by Ay (15) on the effects of the intracorporeal knotting technique for appendix stump ligation, they found that the median operation time was (range 26 to 100) minutes. Furthermore, in a study with 141 cases conducted by Katsuno et al. (16) on the use of a laparoscopic stapler or 2/0 or 0/0 PolySorb for appendix stump ligation in complicated appendicitis, it was found that the mean operation time was 116.7 minutes and the mean duration of hospital stay was 8.9 days. In the present study, the appendix stump was ligated with 2/0 non-absorbable silk, and we removed the appendectomy specimen from the abdominal cavity with an intraoperatively prepared glove endobag. As a result, the operation cost was reduced and LA could be easily and effectively performed with intracorporeal knotting and glove endobag. Despite the increased operation time in the LA group compared to the OA group, our operation times were found to be similar to those in the abovementioned studies (Table 2) .
Surgical-site infection can be seen after appendectomy. Deep surgical-site infection is more common in patients who undergo LA than in patients who undergo OA. In a study on LA conducted by Ay (15), 10.7% surgical-site infection and 7.1% small bowel obstruction rates were reported. In a study on LA conducted by Katsuno (16), 6.4% surgical-site infection, 4.3% intraabdominal abscess, and 2.1% small bowel obstruction rates were reported. In our study, the surgical-site infection rates were found to be 13.9% and 2.8% in the OA and LA groups, respectively. There were no statistically significant differences between the groups in terms of surgical-site infection. However, in one patient, a partial pulmonary embolism was observed. The patient was discharged uneventfully after undergoing treatment and follow-up (Table 3 ).
The length of hospital stay and RTNA are important indicators of patient recovery; many studies have shown that the length of hospital stay and RTNA are shorter in patients who underwent LA than in those who underwent OA (17) (18) (19) (20) . In a study on LA conducted by Shaikh et al. (17) , the hospital stay time and RTNA were found to be 1.7 and 12.6 days, respectively. Additionally, in a meta-analysis consisting of prospective randomized studies conducted by Li et al. (18) , it was reported that the length of hospital stay was less than 0.6 days and the RTNA was earlier than 4.5 days in patients who underwent LA. In our study, because the patients generally lived far from the center, the length of hospital stay was longer than that found in the literature. We observed that the LA group had shorter hospital stay times and earlier RTNA. A statistically significant difference was found between the groups in terms of RTNA (p=0.001) ( Table 2) .
Postoperative pain is an important problem following surgery and is directly related to quality of life. Postoperative pain levels and need for analgesics can be determined through VAS scores (18) . Many studies have reported that patients who underwent LA had less postoperative pain and decreased need for analgesics (18) (19) (20) . In a study on LA conducted by Cipe (19) involving 241 cases, it was found that the mean VAS scores were 4 (versus 4.6 in OA) and 2.9 (versus 3.4 in OA) at the 4 th and 24 th hours, respectively. Similar to the results found in the literature, we found that the VAS scores in the LA group were lower and that the OA group had greater postoperative analgesic requirements. The , and 36 th hours, respectively. In addition, a statistically significant difference was found between the groups in terms of postoperative pain (p=0.001) ( Table 2 ).
Laparotomy and anesthesia can inhibit intestinal motility. The paralytic period occurs even in cases of minor surgery and usually ends spontaneously within 0 to 24 hours in the small intestine, within 24 to 48 hours in the stomach, and within 48 to 72 hours in the colon after major abdominal surgery (21) . The etiopathogenesis is not clear for decreased motility; however, it is thought to be related to the anesthetic agents used, manipulation of the intestine, increased sympathetic tone, and administration of opioids after surgery (22) . However, some simple preventive methods can be used, such as intestinal manipulation limitations and a meticulous approach to tissue by the surgeon during the surgery (23) . The PubMed database was searched to discover the relationship between gas-stool outputs and LA. Unfortunately, supporting clinical studies could not be accessed. In our study, the LA group had shorter gas-stool output times; the mean gas and stool output times for LA were 19.6 hours (versus 28.3 hours in OA) and 41 hours (versus 64.2 in OA), respectively. A statistically significant difference was found between the groups in terms of postoperative pain (p=0.001) (Table 2, 3). We believe that these results may be associated with less manual manipulation, early feeding, and decreased need for analgesics.
There were some limitations to our study. First, our patients generally resided in rural areas. Secondly, the average altitude of the region where the study was conducted is 1768 meters, and in winter, the temperature sometimes decreases to −39 °C; the region is covered with snow for more than 120 days. These geographical conditions may have affected the patients' hospital visits and discharge times. Finally, in our study, because USG and CT could not be performed on every patient, comparisons were limited.
CONCLUSION
In the present study, we found less postoperative pain, decreased need for analgesics, and earlier gas-stool outputs, discharge rates, and RTNA in patients who underwent LA compared to those who underwent OA. In addition, through the use of laparoscopic intracorporeal knotting and glove endobag, the costs associated with the LA procedure can be reduced. As a result, we believe that LA is an effective surgical method for appendectomy.
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